The relations of lung function and chest radiographic appearances with exposure to inspirable dust were examined in 634 workers in five wool textile mills in west Yorkshire, randomly selected to represent fully the range of current exposures to wool mill dust. Most of these workers could be categorised into three large sex and ethnic groups; European men, Asian men, and Asian women. Exposures to inspirable dust had been measured at a previous survey and time spent in current job, and in the industry were used as surrogates for lifetime cumulative exposures. Chest radiographs were interpreted on the International Labour Office (ILO) scale by three medically qualified readers, and the results combined.
Abstract
The relations of lung function and chest radiographic appearances with exposure to inspirable dust were examined in 634 workers in five wool textile mills in west Yorkshire, randomly selected to represent fully the range of current exposures to wool mill dust. Most of these workers could be categorised into three large sex and ethnic groups; European men, Asian men, and Asian women. Exposures to inspirable dust had been measured at a previous survey and time spent in current job, and in the industry were used as surrogates for lifetime cumulative exposures. Chest radiographs were interpreted on the International Labour Office (ILO) scale by three medically qualified readers, and the results combined.
Profusions of small opacities of 0/1 on the ILO scale, or greater, were present in only 6% ofthe population, and were not positively associated with current exposure to wool mill dust, or duration of exposure. In general, statistically significant relations between exposure and lung function indices were not found, with the exception of an inverse relation between the forced expiratory volumelforced vital capacity ratio and dust concentration in European women. A suggestive but not statistically significant inverse relation between FVC and current dust concentration was seen in Asian men. Substantial differences were found between mills in mean values of lung function variables after adjustment for other factors but these were not apparently related to the differences in dust concentrations between these mills. Dyeworkers and wool scourers (mostly European men in relatively dust free jobs) on average experienced an FEV, 251 ml lower than other workers when age, height, smoking habits, and occupational factors had been taken into account. Twenty four per cent of the workforce responded to intracutaneous application of one or more common allergens (weal diameter at least 4 mm), only 12 (7 9% ) of these responding to wool extracts. Atopic subjects did not appear to have an increased susceptibility to the effects of inspirable wool dust on lung function. These studies suggest that exposure to wool mill dust may cause functional impairment in some workers but there is little indication from these data of frequent or severe dust related functional deficits. More detailed estimates of cumulative dust exposure by reconstruction of exposure histories might clarify associations between exposure to dust and lung function. The chest radiographic findings provide no evidence that exposure to wool mill dust is related to lung fibrosis. showed that high exposures existed (greater than 10 221 mg m3 inspirable dust, some much greater) in some jobs in the industry and that frequencies of symptoms of chronic bronchitis, wheeze, breathlessness, rhinitis, and conjunctivitis were associated with current exposure.
We have now carried out a cross sectional epidemiological study to determine the relations between lung functional and chest radiographic abnormalities and exposure to wool textile mill dusts and to ascertain the relation of atopy with dust concentration, job characteristics, symptoms, and abnormality of lung function.
Methods
The effects of wool dust on lung function and radiographs have been examined in a sample of the 2151 workers from 15 mills studied previously.' Five mills were selected because some of the occupational groups represented in them were associated with average exposures to inspirable dust which were at the higher end of the range.
Four of the five selected mills were carpet yarn mills (Nos 11, 13, 14, and 15) and the other (No 4) produced worsted "tops" (balls of combed wool). At the previous survey 103, 292, 230, 222, and 257 employees respectively had taken part at these mills. A study group of 748 subjects was selected by stratified random sampling; about half from the high exposure occupational groups and half from other occupational groups. Eighty three, 151, 213, 102, and 199 employees in these groups were invited to participate at mills 1, 13, 14, 15, and 4 respectively.
The following measurements were carried out in two mobile laboratories sited at each mill: (1) full size chest x ray film; (2) skin prick tests using common allergens and wool extracts; (3) lung function including forced expiratory manoeuvres and carbon monoxide single breath transfer factor. Most staff were seen during normal working hours (9.00 am-5.00 pm) and permanent night shift workers during the early part of their shift (7 and mean transit time were also recorded in this way, but were not reported in this study. The FEV,/FVC ratio was derived subsequently. Up to six attempts were allowed in which to achieve three acceptable forced expiratory manoeuvres. If only one or two attempts were satisfactory, these were recorded. The best flow volume curve was selected for analysis on the basis of technical correctness, a clearly maximum effort (peaked not rounded peak flow point), largest FVC, and largest FEV1 if more than one curve had the same maximum FVC.
Transfer factor Duplicate measurements (three ifnecessary) ofsingle breath carbon monoxide transfer factor were made using an automated spirometer system (Morgan TTB) according to the method of Meade et al. 9 The average of two technically satisfactory efforts was used for analysis of transfer factor (TLCO), alveolar volume (VA) and the transfer coefficient Kco = TLCO/VA. Height and weight were also recorded in a standard manner. Atopy was defined as the presence of a weal to any allergenic solution of 4 mm or greater in diameter, as long as the control solution did not produce a weal of 1 mm or greater. No reactions to any solution or reactions to all solutions including the control were classified as negative.
DUST EXPOSURES
Dust sampling methods have been described in detail elsewhere.8 Briefly, personal inspirable dust samplers were worn by representative workers of different processes within each mill for several hours during a shift, until sufficient samples had been collected to characterise the current dust concentrations experienced by the workforce of each mill. Detailed occupational histories were also obtained from all workers. Jobs in each mill, where similar dust concentrations and processes occurred, were combined to form 16 occupational groups, to which average inspirable concentrations were assigned, based on the measurements made at the mill concerned. These represented current exposure to inspirable dust. Because it was considered unrealistic to estimate employees' lifetime cumulative dust exposures without further investigations, cumulative exposure to dust in the current job only was explored as a further index of exposure (most workers had spent their time in the industry in either the current or the current plus one other job).
DATA ANALYSIS
Cross tabulations were constructed to examine the level of agreement within and between the medical and the non-medical panels in the classification of chest radiographs; the prevalence of small opacities according to independent factors, such as age, smoking habit, mill, etc, was also examined using cross tabulations. Graphs and tables were used to display any apparent relation between indices of lung function and occupational and non-occupational factors. The BMDP package"2 was used for formal investigation of these relations using standard multiple regression methods. Factors were generally entered in the order: age, height, weight, smoking, age-smoking interaction, mill, and log dust concentration and were included irrespective of statistical significance. Numbers of hours worked a week, time in the industry, and cumulative exposure to dust in the current job were also investigated where appropriate.
Results

CHARACTERISTICS OF THE STUDY POPULATION
Six hundred and thirty four subjects attended for survey, representing 89% of those sampled who were still employed at the mill at the time of survey. Thirty refused to take part and the remainder were ill or otherwise unavailable. Language and technical difficulties with the lung function tests reduced the numbers with complete data. Six hundred and twenty six had chest radiographs taken. Eight of the women were either thought to be pregnant, or had had a recent (chest) radiograph and did not have radiographs taken.
The average age of those examined was 41-6 years, 75 4% were men and 24-6% were women; 68-0% were European, 28 5% were of Asian and 3-5% were of West Indian origin. Overall 52 1 % were current smokers, 31 4% non-smokers, and 16 6% ex-smokers. Figure 1 shows the distribution ofinspirable dust concentrations to which these workers were exposed. The European women tended to be exposed to dust concentrations at either the low or the high parts of the range but this was not sufficiently pronounced for separate high and low exposure groups to be formed for analysis. The characteristics of respiratory ill health of wool textile workers Table 1 gives details of anthropometric and other data according to mill and smoking habit. Few women and Asian men (less than 20 subjects) worked at some mills. Considerable differences occurred between groups in the average number of hours worked each week and in mean dust concentration at each mill, reflecting an association between sex, ethnic origin, and occupation. Some jobs associated with high dust concentrations are carried out almost exclusively either by men or by women. On average women worked fewer hours each week than the men and Asian men overall worked six hours a week longer than European men.
By contrast with the other subgroups female smokers experienced much higher dust concentrations (8-6 mg m-3 on average) than female nonsmokers (2-7 mg m-'). This strong association between smoking habit and dust concentration makes it difficult to distinguish any effects of dust from those of smoking in this subgroup. Dust concentrations for Asian men were on average similar to those of European men at each mill but concentrations at mills 11 and 13 showed particularly large differences between men and women.
The 3 069 1, and 3 059 1 respectively), but this relation could easily have arisen by chance; FVC and TLCO were positively related to dust concentration but the relation was not statistically significant. In other groups, lung function was not related to dust concentration at the conventional 5% level of statistical significance, and the coefficients were often positive. A negative association between FVC in Asian men and logarithmic dust concentration was statistically significant at the 10% level. This estimated effect predicted an FVC of 3-675 1 in a 40 year old non-smoking man 170 cm tall not exposed to dust at mill 4 and FVCs of 3-465 1 and 3 382 1 in a similar man exposed to 10 and 25 mg m3 ofinspirable dust respectively. No clear evidence was found that effects of dust were more or less pronounced in younger compared with older subjects. In European men FEV, and FEVI/FVC were associated with only one occupational factor, number of hours worked per week, increasing by 9 ml and 0 23% per hour worked. No associations were found between lung function and cumulative dust exposure in current job.
LUNG FUNCTION IN SPECIAL GROUPS
Wool textile workers with abnormal lungfunction Data on FEV, from the three principal subgroups were used to define the predicted values adjusted for age and height for the members of the subgroup. We have selected those subjects whose lung function was two or more standard deviations below predicted values and have compared them with the rest of the population (table 4) . In European men and women these unusual subjects tended to be older and dust concentration in current jobs also tended to be lower than other subjects. These unusual subjects had worked similar or slightly longer times in their current jobs than others. Unusual Asian men showed the inverse relation being younger, experiencing greater dust concentrations, and having spent less time in current job. No clear conclusions could be drawn about the relations between work and unusual lung function.
Overall nine out of 19 (47%) with unusual FEV, were current smokers, a slightly lower proportion than within the normal group (53%). Eight out ofthe 18 abnormal subjects (44%) who had skin prick tests were atopic compared with only 23% of the remainder. The unusual group worked in only three of the mills, nine at mill 4, and five each at mills 13 and 14, but were distributed evenly between different occupational groups.
Dyers and scourers During the course of the analysis of respiratory symptoms in wool textile workers reported previously' it was apparent that the occupational group (consisting of mostly European men) in the essentially wet processes of dyeing and scouring, experienced an increased risk of taking time off work because of chest illnesses. The unadjusted lung function measurements indicated that an unusually high proportion of this group had lower than expected FEVI when judged by conventional clinical standards.
We therefore investigated further this occupational group, who were exposed to dust concentrations not greater than 4-4 mg mn'. Thirty one workers (28 European men, one European woman, two Asian men) in the group had attended for survey; we have examined the possible effect of working in Table 4 Characteristics (mean (SEM)) of 19 men and women whQse FEV, was more than two residual standard deviations below the predicted normalfor their group (unusual The characteristics of respiratory ill health of wool textile workers (24 4%) produced a positive result on the defined criteria, including three to wool extract alone and another nine to wool and at least one other antigen.
As no significant unadjusted lung function differences were found between atopic and non-atopic subjects for the three subgroups, further analysis was carried out by the introduction of atopic or nonatopic state into the best fitting regression model for FEV, having adjusted for age and physique. European women who were either atopic or nonatopic was made. This was not able, however, to establish whether there was or was not a significant difference between them, principally because of the small number of atopic subjects (21 in this subgroup).
Discussion
The study design, a follow up to an original cross sectional study of currently employed workers, leads to the examination of a survivor group of potentially healthier men and women. Because these studies were an initial assessment of the problem, we made no attempt to recruit leavers and we do not know how their exclusion has influenced the results. An attendance rate of nearly 90% of the currently employed sample at these surveys encourages us to believe that there should not be any major selection bias within the current mill population.
Employees in each sex and ethnic group were exposed to a considerable range of dust concentrations. As a result we do not think that the relation examined will have been biased by any unevenness of distribution of dust concentrations. We were limited by the lack of information on previous dust concentrations, so that cumulative (working lifetime) exposures could not be calculated. Further work would be necessary to make estimates of past exposures to dust. An attempt to provide surrogate information for cumulative exposures was made by exploring the use of an index of cumulative exposure in the current job assuming a constant dust concentration, and taking into account years worked in the job, and this was found to have little apparent influence on lung function or radiographic appearances.
The scarcity of chest radiographic abnormalities among this population and lack of a relation with indices of dust exposure provide no evidence that pulmonary fibrosis or extrinsic allergic alveolitis occur as a result of exposure to wool mill dust. No consistent pattern was found, however, across study groups or indices in the associations between lung function and current dust exposures.
The apparent mildness and inconsistency of the effect shown may indicate that important effects of exposure to wool dust on lung function, ifthey occur, are rare, or altematively may be the result of in-accuracies in exposure estimates brought about by lack of information on past dust concentrations. Evidence from studies in another industry indicates that inaccuracies in estimates of dust exposures can cause profound underestimates of the influence of exposure on lung function,'5 and for this reason an attempt to reconstruct histories of exposure in this case may be helpful.
The finding that some lung function indices are positively associated with the number of hours worked each week could indicate some self selection, fitter men working longer hours than less fit men.
These uncertainties contrast with the clearly demonstrated relations between symptoms and current dust concentrations.' Conceivably, important lung functional deficits, if they occur, are more likely to be related to cumulative exposure to dust, while symptoms of rhinitis or chronic bronchitis could be more strongly related to current exposure to dust.
Functional decrements apparently unassociated with exposure to dust were found in the occupational group consisting of dyers and scourers, who use powdered dyestuffs and caustic soda. We are aware of the symptomatic and immunological findings in workers using reactive dyes.'6 It is not known to what extent reactive dyes had been used by these workers but at least one mill had recently changed to using non-reactive dyes.
